NGIOSTRONGYLUS cantonensis, the rat lungworm, is the most common infectious cause of eosinophilic meningitis in humans. 1 Rats serve as the definitive hosts of the nematode (roundworm), whereas humans become infected by ingesting third-stage larvae in raw or inadequately cooked intermediate hosts, such as snails A and slugs, or transport hosts, such as freshwater prawns, frogs, fish, and planarians. [2] [3] [4] [5] Infection may also be acquired by the consumption of fresh produce, such as lettuce, contaminated with these intermediate or transport hosts. [4] [5] [6] When third-stage larvae are ingested by humans, they penetrate the vasculature of the intestinal tract and eventually reach the meninges, where they usually die shortly thereafter. An eosinophilic reaction develops in response to the dying larvae and is manifested as aseptic meningitis. Although most cases of infection are self-limited, 7 neurologic sequelae develop in some cases, and deaths have been reported. 6, [8] [9] [10] Most cases of A. cantonensis meningitis have been reported in Southeast Asia and the Pacific Basin, 1, 11 but sporadic cases have been reported in many other regions. [12] [13] [14] [15] [16] Although most cases occur singly, outbreaks have also been reported. 1, 10, 17 Reports from the continental United States and the Caribbean include one case in New Orleans, 18 multiple cases in Cuba, [19] [20] [21] and one possible case in Jamaica that was diagnosed on the basis of clinical criteria. 22 We describe a large outbreak of A. cantonensis -associated eosinophilic meningitis among a group of U.S. travelers returning from Jamaica.
Identification and Clinical Description of Cases
After hospitalization of the 2 index patients, the other 21 travelers were instructed to seek medical attention if they had any of the following: headache, neck pain, and altered cutaneous sensations. A case of eosinophilic meningitis was clinically defined as the acute onset of headache, within 35 days after the patient had returned from Jamaica, accompanied by at least one of the following: visual disturbances, photophobia, nuchal rigidity, neck pain, hyperesthesias, and paresthesias. Eosinophilia was defined by the finding of at least 10 percent eosinophils in the total white-cell count in cerebrospinal fluid or at least 600 eosinophils per cubic millimeter in peripheral blood.
Serologic Analysis
Paired samples obtained during the acute phase of the illness and again during convalescence were tested for antibodies against A. cantonensis with use of a Western blot technique and crude antigen prepared from young adult worms recovered from the brains of infected rats. 23 The presence of antibodies against the 31-kD antigen of A. cantonensis has been reported to be specific for the diagnosis of A. cantonensis infection, 23 although some cross-reactivity may be seen with Trichinella spiralis infection. 24 Acute-phase specimens were obtained within 1 week after hospitalization of the two index patients (23 to 26 days after they returned from Jamaica). Convalescent-phase specimens were obtained approximately 1 month after the acute-phase specimens (52 to 60 days after the patients had returned from Jamaica).
To exclude other possible causes of eosinophilic meningitis, we used enzyme immunoassays to test serum samples for antibodies against Strongyloides stercoralis, toxocara species, and T. spiralis. 25 Specimens that had a low level of reactivity in the trichinella immunoassay were also tested with the use of bentonite flocculation.
Cohort Study
To identify risk factors for eosinophilic meningitis, we interviewed all travelers twice, using structured questionnaires that provided information about symptoms and potentially relevant exposures in Chicago, on the flights to and from Jamaica, and in Jamaica. For the second interview, menus from the restaurants the travelers had patronized in Jamaica were used to facilitate their recall of specific food items. Data were analyzed in Epi Info software (version, 6.04b, Centers for Disease Control and Prevention, Atlanta). Risk ratios and P values were calculated with use of the two-tailed Fisher's exact test.
Additional Investigations
On the basis of data obtained from the first round of interviews, investigators visited Jamaica in mid-May 2000 to determine which foods had been served at the restaurants patronized by the travelers, the sources of the foods of interest, and procedures for the procurement and handling of food used by these restaurants and their distributors. Patrons of the restaurant where the infection was most likely acquired -specifically, those who ate there on April 8 (the date of the implicated meal) or who ate a Caesar salad there between April 6 and 10 and who paid by credit card or who ate with someone who did -were contacted to determine what they had eaten and whether they had become ill. With the assistance of the local health authorities, we attempted to identify other cases of eosinophilic meningitis that had occurred in Jamaica by reviewing medical records of unexplained cases of meningitis at seven hospitals in various parts of Jamaica.
RESULTS

Patients and Clinical Course
Twelve of the 23 travelers (52 percent) met the case definition for eosinophilic meningitis. Nine of the 12 were hospitalized. The median time from departure from Jamaica to the onset of symptoms in the 12 patients was 11 days (range, 6 to 31) (Fig. 1 ). All 12 patients had a headache, since this was part of the case definition; visual disturbances or photophobia, neck pain or nuchal rigidity, and fatigue were the most common accompanying symptoms (Table 1 ). Hyperesthesias or paresthesias of the trunk or arms and legs (or all three) were reported by 9 of the 12 patients. Five patients reported having had a fever, but only two of the nine patients who were hospitalized had documented temperatures of more than 37.8°C. All nine hospitalized patients underwent lumbar punctures; lumbar puncture was not performed in the three patients who were not hospitalized. Among the hospitalized patients, four (44 percent) had peripheral-blood eosinophilia and five (56 percent) had cerebrospinal fluid eosinophilia on initial evaluation. Eosinophilic meningitis was eventually documented by examination of cerebrospinal fluid in eight of the nine hospitalized patients. Initial cerebrospinal fluid values are given in Table 2 . Parasitic larvae were not identified in the cerebrospinal fluid specimens from seven patients that were examined microscopically.
Seven patients had peripheral-blood white-cell counts and differential counts determined on admission to the hospital (23 to 25 days after they had left Jamaica), at the midpoint of the clinical course (32 to 42 days after their departure), and after the resolution of symptoms (53 days after their departure). The mean (±SE) eosinophil count was significantly higher at the midpoint of the clinical course (957±203 cells per cubic millimeter) than during the acute phase (443±90 cells per cubic millimeter, P=0.03 by the paired t-test) and convalescent phase (286±60 cells per cubic millimeter, P=0.03 by the paired t-test). The total peripheral-blood white-cell count did not, however, vary significantly over time.
Additional diagnostic tests included computed tomography (CT) of the brain in four patients and magnetic resonance imaging (MRI) of the brain in three of these four patients. CT in one patient showed a faint area of increased attenuation in the left cerebellar region, but the MRI showed generalized leptomeningeal enhancement, as has previously been shown in patients with neuroangiostrongyliasis. [26] [27] [28] Ophthalmologic assessment of another patient, who had transient loss of vision in the right temporal field, showed mild papilledema, but the results of CT and MRI of the brain were normal. The results of brain scans of the other two patients were normal.
For the treatment of headaches, seven patients were given opioid analgesic agents, with or without nonsteroidal antiinflammatory drugs, and the other five patients obtained relief with nonsteroidal antiinflammatory drugs alone. The three patients with the most severe symptoms underwent repeated lumbar punctures and received corticosteroids. After corticosteroid treatment, two of these three patients had a marked improvement in symptoms. The opening cerebrospi-*Only two of the nine patients who were hospitalized had documented temperatures of more than 37.8°C. nal fluid pressure decreased in all three during corticosteroid therapy (Fig. 2) . The symptoms ultimately resolved in all 12 patients, although 8 (67 percent) had headaches for at least four weeks; 2 of these 8 had protracted headaches lasting six to eight weeks after hospital discharge. One patient still had a fine resting tremor of the arms and legs six months after the onset of the illness. Six patients (50 percent) missed more than three weeks of school or work.
Serologic Analysis
Antibodies against the 31-kD antigen of A. cantonensis were present on Western blot analysis of both the acute-phase and the convalescent-phase serum samples from 1 patient (8 percent) and of the convalescent-phase serum sample alone in 10 patients (83 percent) (Fig. 3 ) but in none of the acute-phase or convalescent-phase specimens from the 11 other travelers. The serum samples from 1 patient and from all 11 travelers who did not become ill were negative. None of the 21 travelers whose serum specimens were tested (including samples obtained during convalescence from all 12 patients) had serologic evidence of infection with T. spiralis or toxocara species. Serum specimens from two patients reacted in the immunoassay for antibodies against S. stercoralis; one of these samples had a low level of reactivity.
Retrospective Cohort Study
Results from both rounds of interviews showed that eating a particular meal at a restaurant in northwestern Jamaica the night before departure for the United States was associated with a significant risk of illness. Of seven restaurants where at least half the travelers ate, only two were patronized by all 12 patients. Only one restaurant meal was eaten by all 12 patients. Twelve of the 16 travelers who ate this meal became ill, whereas none of the 7 who did not eat this meal became ill (risk ratio, undefined; P=0.001). All 12 patients reported eating Caesar salad at the meal, and this was the only item associated with a significant risk of illness (12 of the 13 who ate the salad became ill, as compared with none of the 3 who did not; risk ratio, undefined; P=0.007). None of the travelers reported having eaten snails, slugs, or raw or inadequately cooked fish or shellfish during the trip.
Additional Investigations
The Caesar salad at the meal associated with illness included romaine lettuce, which had reportedly been washed, and canned, salted anchovies but no mollusks or other seafood. The salad bowl was placed on a plate and passed around the table. Whether locally grown parsley was used to garnish the plate was not known.
The romaine lettuce had been imported from the United States, and no obvious modes of contamination of the lettuce were identified when we visited the restaurant and the U.S. and Jamaican distributors of the lettuce.
Through credit-card records, we identified one additional person who was not part of this group of travelers and who ate Caesar salad at the restaurant on April 6 and who began to have headaches at an unspecified time thereafter. However, serologic testing was negative for antibodies against the 31-kD A. cantonensis antigen. No cases of eosinophilic meningitis were identified through a review of medical records in Jamaica.
DISCUSSION
Infection with A. cantonensis has seldom been documented in the Western Hemisphere, and no outbreaks have been reported outside of Southeast Asia and the Pacific Basin. Although the 12 cases of infection that we described were not parasitologically confirmed, the combination of the clinical manifestations 7 and serologic data provides strong evidence that A. cantonensis was the etiologic agent of the outbreak. Antibodies against the 31-kD antigen have been documented in parasitologically confirmed cases of A. cantonensis infection but not in infections with Gnathostoma spinigerum, which can also cause eosinophilic meningitis. 23, 24 Several clinical and laboratory features of this outbreak are noteworthy. Eosinophilia, either in peripheral blood or cerebrospinal fluid, was not always present on initial laboratory testing. The peripheral-blood eosinophilia peaked five weeks after the presumed exposure, when symptoms were improving in most of the patients. Cases of A. cantonensis meningitis may be incorrectly ascribed to other causes of aseptic meningitis if eosinophilia is not present on initial testing.
Severe, persistent headache was the most prominent symptom among the patients who were hospitalized in this outbreak. This was probably due to the elevated intracranial pressure, which was documented at least once in eight of the nine patients who underwent lumbar punctures; four of the eight underwent CT and had normal-sized ventricles.
The clinical manifestations were similar to those described in Thailand 7 but different from those described in Taiwan. 28, 29 The cases reported in Taiwan were more likely to involve children, to be associated with fever and encephalitis, and to have A. cantonensis larvae recovered from cerebrospinal fluid specimens. The reasons for these differences are unknown but may involve several factors: infection with a higher parasitic inoculum because of the large number of larvae typically found in the local intermediate host, Achatina fulica, the giant African snail; the use of a The periods of treatment with a corticosteroid and subsequent tapering of the dose are indicated by the shaded areas. The percentage of eosinophils in cerebrospinal fluid is also shown. The opening cerebrospinal fluid pressure decreased during corticosteroid treatment in all three patients. One of the patients (Panel A) had dramatic relief of his headache after the first two lumbar punctures. Both times, however, the headache had returned to the same level of intensity by the next morning. Therefore, dexamethasone was started the day after the second lumbar puncture (the initial regimen consisted of 6 mg given intravenously every 6 hours), with a dramatic and sustained improvement in symptoms over the next 12 to 24 hours. Three days after dexamethasone therapy was discontinued, the patient was readmitted with severe headache and projectile vomiting. The headache again resolved after dexamethasone treatment, and the dose was tapered more gradually. The headache resolved in another patient (Panel B) when corticosteroid therapy was given after the second lumbar puncture, but it did not resolve in a third patient (Panel C), despite four subsequent lumbar punctures and a 10-day trial of dexamethasone therapy. pumping technique to increase the volume of cerebrospinal fluid obtained from the subarachnoid space for diagnostic purposes 28 ; or possibly, the strain of A. cantonensis involved. 30 Similar to the patients described in the reports from Thailand, the patients in our series were adults with low-grade fever or no fever and little evidence of encephalitis or obtundation. We did not treat our patients with anthelmintic agents because of the theoretical possibility of exacerbating neurologic symptoms as a result of the death of larvae in the central nervous system 6 and the reported lack of efficacy of anthelmintic therapy for A. cantonensis infection in adult patients. 10 Most of our patients had a response to conservative management. However, three patients with persistent and severe headaches were subsequently treated with serial lumbar punctures and corticosteroid therapy. These interventions provided symptomatic relief for two of the patients but had no discernible effect in the third patient. The third patient had cerebrospinal fluid opening pressures that were lower than those of the other two patients.
Corticosteroid therapy was recently shown to provide symptomatic relief of headaches caused by eosinophilic meningitis in a placebo-controlled, doubleblind clinical trial that included 129 Thai patients. 31 Although optimal treatment of A. cantonensis meningitis has not been determined, many patients can be treated with supportive therapy alone. Repeated lumbar punctures and the use of corticosteroid therapy may be beneficial in patients with more severe symptoms.
The exact vehicle of transmission in this outbreak remains unclear. The meal eaten the night before departure for the United States was associated with a strong risk of illness, as was consumption of the Caesar salad at this meal; the lettuce was the salad ingredient that was most likely contaminated. The travelers remembered the salad well because it was prepared at Figures 2A, 2C , and 2B, respectively. MW denotes the molecular-weight markers. kD P a t i e n t 1 , a c u t e p h a s e M W P a t i e n t 1 , c o n v a l e s c e n c e P a t i e n t 2 , a c u t e p h a s e P a t i e n t 2 , c o n v a l e s c e n c e P a t i e n t 3 , a c u t e p h a s e P a t i e n t 3 , c o n v a l e s c e n c e P a t i e n t 4 , a c u t e p h a s e P a t i e n t 4 , c o n v a l e s c e n c e P a t i e n t 5 , a c u t e p h a s e P a t i e n t 5 , c o n v a l e s c e n c e P a t i e n t 6 , a c u t e p h a s e P a t i e n t 6 , c o n v a l e s c e n c e P a t i e n t 7 , a c u t e p h a s e P a t i e n t 7 , c o n v a l e s c e n c e P a t i e n t 8 , a c u t e p h a s e P a t i e n t 8 , c o n v a l e s c e n c e P a t i e n t 9 , a c u t e p h a s e P a t i e n t 9 , c o n v a l e s c e n c e P a t i e n t 1 0 , a c u t e p h a s e P a t i e n t 1 0 , c o n v a l e s c e n c e P a t i e n t 1 1 , a c u t e p h a s e P a t i e n t 1 1 , c o n v a l e s c e n c e P a t i e n t 1 2 , c o n v a l e s c e n c e 207 - 
118
-
The New England Journal of Medicine the table. Therefore, recall bias may have influenced the travelers' recollections. The possibility that some unrecognized, common exposure caused the outbreak cannot be excluded. Whether the outbreak affected other persons besides those in this group of travelers is unknown. Other cases could have been missed because they did not cause severe illness or were not thoroughly evaluated.
Since this outbreak, A. cantonensis has been identified in both rats and land snails in Jamaica. 32 The occurrence of the complete life cycle of A. cantonensis in Jamaica supports the hypothesis that the vehicle of this outbreak could have been contaminated in Jamaica, but it does not exclude the possibility of contamination in the United States, which was the source of the romaine lettuce used in the Caesar salad.
Regions where A. cantonensis infection is endemic clearly extend beyond Southeast Asia and the Pacific Basin. 1 Physicians and public health officials should be alert for this condition throughout the Caribbean and nearby regions, since A. cantonensis has been found in rats in Cuba, 33 Puerto Rico, 34 the Bahamas, 35 the Dominican Republic, 36 and Jamaica, as well as in New Orleans. 37 Headache, elevated intracranial pressure, and a nonneutrophilic pleocytosis, with or without eosinophilia, should suggest the possibility of A. cantonensis infection. The association of meningitis with paresthesias or hyperesthesias should also suggest this diagnosis, because these symptoms are unusual in other forms of meningitis. The usual advice travelers are given to prevent diarrheal disease 38 should also protect them against infection with A. cantonensis. In particular, we would advise travelers to and residents of the Caribbean to avoid eating unwashed fresh produce, such as lettuce, and undercooked or raw foods, such as snails and other mollusks.
